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ncreasing the transparency of the evidence base behind health interventions such as pharmaceuticals, biologics, and medical devices, has become a major point of critique, conflict, and policy focus in recent years. Yet the lack of publicly available information regarding the immunogenicity assays upon which many important, widely used vaccines are based has received no attention to date. In this paper we draw attention to this critical public health problem by reporting on our efforts to secure vaccine assay information in respect of 10 vaccines through Canada's access to information law. We argue, under Canadian law, that the public health interest in having access to the methods for these laboratory procedures should override claims by vaccine manufacturers and regulators that this information is proprietary; and, we call upon several actors to take steps to ensure greater transparency with respect to vaccine assays, including regulators, private firms, researchers, research institutions, research funders, and journal editors.
Why Transparency of Vaccine Assays is Important
Today, members of the scientific community, publicly funded research institutions, industry, and regulatory agencies face higher expectations for transparency and accountability. [1] [2] [3] [4] Registration of clinical trials is now legally required in several jurisdictions. [5] [6] Due to poor compliance, [7] [8] [9] [10] [11] many are pushing for disclosure of full "clinical study reports" and anonymized patient-level data. [12] [13] [14] Whether government regulators such as the European Medicines Agency (EMA) or the United States' Food and Drug Administration (FDA) will follow suit remains to be seen. 15 In the meantime, we draw attention to an issue that has yet to enter the policy conversation: open access to the scientific methods used to determine the immunogenicity of vaccines.
Vaccine efficacy and effectiveness can be quantified directly by evaluating protection from infection or clinical illness, or assessed indirectly by measuring immune responses (immunogenicity) to a given vaccine. Depending on the particular pathogen, vaccine, and other factors, immune responses can correlate, more or less accurately, with clinical protection. Although direct measurement of clinical protection is preferred, so-called "correlates of protection" are substituted when an efficacy trial would be inordinately large, expensive, not feasible because of the rarity of outcomes, or not ethically permissible when comparable vaccines are already available.
Quantitative assessment of serum antibodies before and after vaccination is the most commonly used correlate of protection, and often the only outcome accepted by regulatory authorities. Serologic measures are diverse, and the evidence in support of their validity as indirect measures of efficacy varies. [16] [17] [18] [19] [20] Accurate and consistent findings in repeated studies across laboratories using such assays are thus critical to the successful application of correlates of protection.
However, efforts to standardize methods across settings cannot occur without access to the specific testing methodology, and vaccine manufacturers frequently treat Keywords: access to information law, intellectual property, transparency, vaccine assays the methods used to support the regulatory approval of vaccines as "proprietary." In addition they may use reagents that are developed in house, are not available commercially, and are not described in sufficient detail to permit others to replicate the assay or findings.
This proprietary practice precipitates several problems. First, the lack of access to the reagents or standard operating procedures (SOPs) precludes independent validation of reported results. Second, the lack of availability to assays that are, in some circumstances, considered reference assays, precludes the ability of diagnostic laboratories to determine the performance characteristics of commercially available assays to measure antibody levels. Third, if summaries of the validation data that were generated when the assays were approved are not publicly available, there is no way to ensure that methods used in diagnostic laboratories are comparable. Fourth, treating the assays as proprietary precludes application of the assay to new populations that may not have been evaluated in the original studies (e.g. the immune compromised, aboriginal peoples).
This proprietary practice is not universally observed. A few manufacturers have taken an intermediate step of enabling technological transfer of assay methodology for their proprietary vaccines to select groups (e.g., Novartis' meningococcal B vaccine) [21] [22] in order to ensure quality assurance by training specific individuals to perform the assay. However, details about the assays tied to several widely licensed vaccines (see Table 1 ) remain entirely secret. We argue that the public interest in having the laboratory methodology used to determine the correlates of protection and summaries of validation data open to independent scrutiny is a threat to public health and clearly outweighs manufacturers' competing business interests.
Challenging Proprietary Practices in Vaccine Research and Regulation
We sought to challenge the status quo using Canada's Access to Information Act (ATI Act). 23 In a letter dated March 12, 2012, we requested from Health Canada information that we believe to be contained in the SOP accompanying 10 vaccines that have been licensed for sale and use in Canada. Specifically, we requested 2 types of information from each vaccine's SOP: (a) the detailed assay protocols (i.e. methods) for the serological tests that were used to measure the immunogenicity of the vaccine in support of its market authorization; and, (b) the assay validation data that was submitted to Health Canada by the manufacturer. (See Table 2 )
To facilitate processing of our request, we indicated that assay protocols and validation data connected to several vaccines were likely to cross-reference one another and we did not require multiple copies of the same information. Second, we excluded information about the manufacturing processes as they have been characterized as a potential "trade secret" in previous court decisions. 24 Third, we anticipated that Health Canada would likely regard the information as "third party information" (i.e., a) trade secrets, b) financial, commercial, scientific or technical information, c) information that could result in financial or competitive harm, or d) information that could interfere with contractual negotiations by a third party) and thus exempt from disclosure under the ATI Act. Therefore, we invoked a provision in the ATI Act that allows the government institution to disclose third party information (save for trade secrets) if it is deemed clearly in the public interest.
After considerable delay and complaints to the Information Commissioner of Canada about Health Canada's nonresponse to our request, on August 19, 2013 we finally received a response to our ATI request. The letter from Health Canada, which enclosed a 272-page PDF document, noted that "some records, or portions of records, are withheld from disclosure pursuant to" sections 19(1) (personal information), 20(1)(b) (financial, commercial, scientific or technical information), and 20(1)(c) (information that could result in financial loss or gain, or prejudice the competition position of a third party) of the ATI Act.
Our review revealed that the disclosure provides no information regarding 8 of the 10 vaccines encompassed in our ATI request. Two HPV vaccines included in our request, Cervarix (manufacturer: GSK) and Gardasil (manufacturer: Merck) were included; however, most of the 272 pages are blank apart from a notation indicating that the information in question was withheld on the basis of the above exemptions. (See Supplementary Information for access to the complete , and reference to validation data but all of the substantive information is redacted from those pages. At most, these pages suggest that one of the manufacturers (GSK) did in fact submit appropriate validation data to Health Canada during the regulatory review process. But it is not possible to evaluate or independently replicate those findings without further information about the procedures and correlates of protection that were used. Health Canada's response was not surprising. Since it began publishing access to information data in 1991, the regulator has relied upon third party information exemptions more often than any other type of exemption under the ATI Act to deny, in whole or in part, access to information (See Fig. 1 ). Nevertheless, we contend that treating vaccine assays as proprietary is clearly contrary to the public interest.
A Legal Argument for Greater Openness
It is important to note at the outset that any personal information captured by our request was inadvertent. We do not contest Health Canada's decision to withhold the names of the individuals who carried out and reviewed the assay protocols and validation data in question. Our argument concerns Health Canada's decision to exempt all substantive information regarding the assay protocols and validation data from disclosure because it believed disclosure could harm a manufacturer's competitive position or deemed the information to fall within the scope of confidential information.
The business harm exemption should not apply to the information we requested. Conceivably, a manufacturer may assert that disclosure of the information may preclude its ability to commercialize an assay; thus disclosure of the assay protocol and validation data could result in financial loss, competitive harm, or compromise business negotiations. However, courts have repeatedly demanded more than mere assertions of harm (to competitive position) by companies, 25 and there are no signs that the manufacturers implicated by our request are attempting to commercialize the assays accompanying their vaccines. As noted below, the assay associated with Merck's zoster virus vaccine provides a telling example to the contrary.
Conversely, the statutory exemption pertaining to confidential information appears to be the most cogent reason for denying disclosure of assay protocols and validation data. Health Canada referenced this exemption throughout the (largely blank) 272-page PDF it provided. Under Canadian law, to qualify for this exemption the information must be "(i) financial, commercial, scientific or technical information; (ii) confidential and consistently treated in a confidential manner by the third party; and (iii) supplied to a government institution by a third party."
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Each of these criteria appears to be met in this case. This is why, in our original request to Health Canada, we invoked the "public interest override" contained in the ATI Act. The override allows for the disclosure of information notwithstanding its confidential nature if it "would be in the public interest as it relates to public health" and it "clearly outweighs" any financial loss or gain to a third party, or impact on its competitive position or any contractual or other negotiations.
Although Canadian courts have had little occasion to offer guidance around the scope of this kind of public interest override [25] [26] [27] there are several reasons why it should apply in the case of vaccine assays.
First, the 10 vaccines encompassed in our request have tremendous public health importance. Hundreds of thousands of Canadians are vaccinated on the assumption that the studies submitted to the regulator accurately estimate the degree of Precision: closeness of individual measures when repeated multiple times on multiple aliquots of a single specimen 3. Analytical Specificity: ability to differentiate and measure the target in the presence of other components in the sample 4. Analytical Sensitivity: The lowest measurement at which the assay can quantify the target with accuracy and precision. 5. Reproducibility: the precision between 2 laboratories or between the same laboratory over time. 6. Clinical Sensitivity: ability to identify specimens that are true positives based on the reference method or "gold standard"(i.e., immune) 7. Clinical Specificity: ability to correctly identify those that are true negatives based on the reference method (i.e. non-immune) 8. Stability: the stability of the measured target in various conditions in which it will be stored or assayed. clinical protection against the various pathogens targeted by the vaccines in our request. If those assays are somehow suboptimal, the measurements of antibody response may lead to inaccurate interpretations about vaccine efficacy, and thus inaccurate estimates of protection against serious infectious diseases. Open access to vaccine assays can, over time, help ensure decisions by health care payers are properly informed of a given vaccine's strengths and limitations as well as enable health care providers to have a better understanding of whether individuals and populations are actually clinically protected against a pathogen.
Second, regulators do not replicate the assay protocols or verify the validation data submitted by vaccine manufacturers. Rather, regulators simply review the protocols and data as submitted. Given the inherent challenges of utilizing serological measures as correlates of protection and demonstrated problems of vaccine assay standardization, opening up assays to independent scrutiny is essential to ensuring that the chosen correlates of protection do, in fact, provide adequate measures of vaccine safety and efficacy. Independent analysis will become increasingly important in the future as more vaccines are licensed on the strength of correlates of protection.
Third, on a related note, manufacturers have been known to manipulate the evidence base behind other health products such as pharmaceuticals in order to secure regulatory approval. GlaxoSmithKline's selective data reporting of "study 329," which masked risks of increased suicidal ideation among adolescents taking a course of paroxetine (Paxil/seroxat), is perhaps the most infamous example. [28] [29] There are limits to regulators' ability to detect this thus at least one major regulator, the EMA, is contemplating open access to anonymized patient-level clinical trial data, in part, to improve regulatory decision-making. 30 There is a clear public health interest in improving access to clinical trial data. Precisely the same logic should apply to vaccine assays.
Fourth, disclosure of these diagnostic assays also carries benefits beyond enhancing decision-making of health care payers, providers, patients, and regulators. Specifically, it has benefits for research and research participants. At present, specific sub-populations (e.g. aboriginal populations, immune-compromised individuals) that were not included in the trials that supported licensure of these vaccines will be denied the benefit of these vaccines (assuming the benefits are confirmed) unless and until access to the correlates of protection is provided. That is, researchers planning to study the safety and efficacy of these vaccines in those sub-populations cannot do so absent access to the assays. Denying access to the assay information undermines equitable access to important public health interventions for particular populations. It also precludes efforts to assess the duration of protection over time.
Fifth, and finally, although it is possible that disclosure of the assay information may preclude manufacturers' ability to commercialize an assay, there are no signs that the manufacturers implicated by our request are attempting to do so. We do not think the speculative possibility of commercializing a vaccine assay-a task that manufacturers have not undertaken despite years of assay use-should preclude disclosure, especially given the public health importance of having access to this information.
An informative example of this final point is the assay associated with Merck's varicella-zoster vaccine. Measuring immunity against varicella zoster virus (VZV) is challenging. While the fluorescentantibody-to-membrane-antigen (FAMA) assay has been considered the gold standard for measuring immunity to VZV, this assay is cumbersome and is not amenable to automation or high-throughput testing. Merck developed a gpELISA, an enzyme-linked immunosorbent assay based on highly purified glycoproteins (gp) from VZV, which is more sensitive than FAMA. This gpELISA has been the standard method Merck has used to measure immunity in all of its subsequent VZV vaccine trials. [31] [32] [33] While the methods were reasonably detailed in scientific publications, the validation of the assay was limited. In 2006, Merck published a paper on a second-generation assay which optimized the assay further and improved its performance characteristics. 33 In this paper, Merck detailed the extensive validation undertaken; although the methods described were standard ELISA methodology, the antigen used and the standard operating procedures for completing the assay were considered proprietary, i.e. not Figure 1 . Number of access to information requests processed and partially or fully denied by Health Canada, and number of exemptions relied upon to partially or fully deny such requests, 1991-2012. * Figure 1 was compiled using information contained in Health Canada's annual reports regarding access to information requests, which are publicly available. Data for fiscal years 1992-1993, 1996-1997, 1997-1998, and 1998-1999 is not publicly available, and only some data is available for fiscal years 2007-2008, 2009-2010, and 2011-2012) .
publicly available. While Merck has granted limited access to the reagents and its standard operating procedures to reference laboratories in the past, Canada no longer has access to this method. As a result of Merck's decision to treat the gpE-LISA as proprietary, the majority of commercially available assays have not been validated against the gpELISA [34] [35] and their performance in determining VZV immunity is quite variable. Meanwhile, the Canadian Immunization Guide has recently recommended serologic testing for all health care workers who do not have previous VZV infection documented by a health care provider. As the cohort that has received VZV vaccine as part of the primary vaccination series enters the health care workforce, the shortcomings of the commercially available enzyme immunoassays in terms of detecting vaccine-induced immunity will translate into many more vaccinations that would be necessary because diagnostic laboratories do not have access to the gpELISA or its antigen to use for screening or as a reference method for the validation of other enzyme immunoassays. Nevertheless, despite the regulator's endorsement of Merck's gpELISA and a ready-made market of health care workers required to be protected against VZV, in a 10-year period, Merck has neither sought to commercialize its assay nor shown any signs of doing so.
From Argument to Action
The issue of transparency in the development and regulation of health products such as drugs and vaccines presently commands a great deal of attention. Although currently focused on clinical trial registration requirements and access to clinical trial data, we believe that access to vaccine assay protocols and validation data is critical from public health and ethical perspectives. Without access to that information, it is not possible to independently replicate and evaluate the assays used to establish the safety and efficacy of widely utilized vaccines.
We assert that Canadian law should not bar access to vaccine assay protocols and validation data despite manufacturers' decision to treat this information as proprietary. On the contrary, the public interest override contained in Canada's access to information law should allow the regulator to disclose the information. To the extent they are available, similar flexibilities in other jurisdictions' laws should be invoked to support disclosure by other regulators.
The inevitable delays in the access to information process and the public health importance of the vaccines included in our request and the fact that future vaccines are increasingly likely to be granted regulatory approval on the strength of serological correlates of protection requires more upfront transparency. Researchers, research institutions, research funders, vaccine manufacturers, and national regulators alike should proactively disclose assay protocols and validation data. As a start, we think that entities such as the International Committee of Medical Journal Editors and research funding organizations could integrate a requirement to make assay protocols and summary validation data into their policies regarding authorship and open access. [36] [37] With the support of their institutions, researchers involved in vaccine trials could stipulate a commitment to make protocols and validation data open to independent scrutiny, and regulators should be legally empowered to enforce such transparency as part of the regulatory process. Transparency may come in different forms. Ultimately, to ensure the putative public health benefits of a vaccine are achieved, meaningful independent scrutiny of vaccine assay protocols and validation data must occur.
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